This study was designed to determine the total phenolic content of 50 herbs and to examine their antioxidant potential. In the sample preparation, 60% ethanol was chosen as the extraction solvent for the subsequent experiments. Folin-Cicolteau phenol reagent and a colorimetric method were used to determine the total phenolic content of the selected herbs. The result showed that total phenolic content of those herbs ranged from 2 to 185 mg/g. In antioxidant assay, the ferric reducing/antioxidant power (FRAP) values ranged from 2 to 134 mg GAE/g; the IC 50 values of DPPH•, •OH and scavenging were in the range of 0.06 -5.50 mg/mL, 0.017 -0.636 mg/mL and 0.050 -0.681 mg/mL respectively.
Introduction
Roles of the reactive oxygen species (ROS) and reactive nitrogen species (RNS) are increasingly recognized in physiological processes, pathogenesis of many diseases, and molecular mechanisms in many drug-therapies [1] . ROS are generated by all aerobic organisms and their production seems to be essential for signal-transduction pathways that regulate multiple physiological processes. Excessive amount of ROS, however, can initiate toxic and lethal chain reactions, which disable the biological structures that are required for cellular integrity and survival. Recently, there is a growing interest in substances exhibiting antioxidant properties that are supplied to human and animal organisms as food components or as specific redox-therapy drugs [1] . Substantive experiments have already testified that many phytochemicals and extracts from plants possess antioxidant effects.
Many synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and tert-butylhydro-quinone (TBHQ), are widely used in food and pharmaceutical industries against oxidative damage. However, animal tests have demonstrated that those synthesized compounds would accumulate in rats and result in liver-damage and carcinogenesis [2] . Interestingly, some important antioxidants, including ascorbic acid and the tocopherols, cannot be synthesized by humans and must be taken in diet [3] . It has long been recognized that some naturally occurring substances in plants process antioxidant activity. Therefore, the development and utilization of more effective and non-toxic antioxidants from natural products are desired, not only for the food and drug storage, but also for the nutritional and clinical applications.
It is well known that the traditional Chinese herbs have been used in food and medicine over two thousand years. There are more than 11,000 officinal plants, 1500 offici-Z. Y. HE ET AL. 149 nal animals and 80 officinal minerals used as the traditional Chinese medicine [4] . For the reason of biodiversity, the chemical composition and bioactivity of the medicinal materials are also varied. Epidemiological studies have shown that many natural antioxidant compounds possess anti-inflammatory, antiatherosclerotic, antitumor, antimutagenic, anticarcinogenic, antibacterial, or antiviral activities to a greater or lesser extent [5, 6] . Apparently, the Chinese medicinal plants may contain a wide variety of chemical composition, including phenolic compounds (e.g. phenolic acids, flavonoids, quinones, coumarins, lignans, stilbenes, tannins), nitrogen compounds (alkaloids, amines, betalains), vitamins, terpenoids (including carotenoids), with potential antioxidant activities [7] . In free radical biology, the balance between antioxidation and oxidation is believed to be a critical concept to maintain a healthy biological system, which is similar to the concept of the balance between "Yin" and "Yang" in the Traditional Chinese Medicine (TCM). The effective compositions in the yin-tonic herbs were mainly flavonoids with strong antioxidant activities six times higher than that of the yang-tonic herbs [8] . Contrarily, Szeto and Benzie indicated that the yin nature of herbs may not be necessarily associated with superior antioxidative effect to yang-tonic herbs, at least in terms of DNA protection against oxidant challenge [9] . The synergetic antioxidant effects of the traditional Chinese herbs should be considered in the view of systems biology [10] , but the literature partially revealed the inner correlation between the antioxidant capacity and the traditional usages. Consequently, it is necessary to evaluate the antioxidant activity of traditional Chinese herbs systematically using different types of free radical.
50 Traditional Chinese herbs, grown and processed under the standard operating procedures, were selected and prepared for the initial investigation. According to the classification of their traditional usages [4] , 18 of those herbs, including 11 stanchers, are used as the haematic. The next is the heat-clearing drug, and 10 medicinal materials are ranged to this class. The third is the tonic, including one yin-tonic, eight yang-tonics, and four weaktonics. Other medicinal materials are sorted into diaphoretic, damp-resolving, cathartic, and antitussive respectively. The main objectives of this paper were a) to determine the content of total phenolics in above medicinal materials; b) to evaluate their in vitro antioxidant activity of ferric reducing and antioxidant power (FRAP), and free radicals (DPPH•, •OH and ) scavenging capacities.
• 
Preparation of Extracts
Dried and pulverized sample (1 g) was extracted using 20 ml of 60% (v/v) ethanol. It was mixed continuously with magnetic stirrer under refluxing at 60˚C for 1 h. Then, the extracts were filtered over Xinhua filter paper. The residue was re-extracted under the same conditions. The obtained extracts were conflated and concentrated in vacuo under 40˚C using a rotary evaporator (ZX98-1 Rotavapor, Shanghai Organic Chemistry Institute, Shanghai, China) to yield dry extracts, which were stored at 4˚C for further analysis.
Total Phenolic Contents (TPCs) Analysis
The TPCs of those extracts were analyzed using FolinCiocalteu's phenol reagent [11] . The extracts were dissolved in 60% (v/v) ethanol at the concentrations to fit the TPC analysis. The solutions (0.5 mL) of different concentrations were put in a 10 mL volumetric flask, 4.5 mL of distilled water and 1.0 mL of Folin-Ciocalteu reagent were added, and the flask was shaken thoroughly. After 3 min, 4 mL of 2% Na 2 CO 3 was added, and the mixture was allowed to stand for 2 h with intermittent shaking. The absorbance was measured at 770 nm (UV-2102, Unico Instruments Co., Ltd., Shanghai, China). Experiments were carried out in triplicate. The results were expressed as gallic acid equivalent per gram raw material (mg GAE/g). The same procedure was repeated [12] . FRAP reagent was freshly prepared and mixed in the proportion of 10:1:1 (v:v:v) for A:B:C solutions, where A = 300 mmol/L sodium acetate trihydrate in glacial acetic acid buffer (pH = 3.6); B = 10 mmol/L TPTZ in 40 mmol/L HCl; and C = 20 mmol/L FeCl 3 . Gallic acid was used for a standard curve with all solutions, including samples dissolved in 60% ethanol. The assay was carried out at 37˚C (pH = 3.6) using 0.4 mL sample or standard solution plus 4.0 mL FRAP reagent shown above. After 10 min incubation at room temperature, the absorbance was read at 593 nm. Results were expressed in mg gallic acid equivalent per gram dried herb weight (mg GAE/g). Experiments were carried out in triplicate.
DPPH Radical Scavenging Activity Assay
This spectrophotometric assay used the stable DPPH radical as the reagent to determine the DPPH• scavenging activity [13] . The extracts and standards were dissolved in 60% (v/v) ethanol at the concentrations to fit the DPPH assay. Ethanolic extracts or standards of 0.1 mL at various concentrations was added to 4.0 mL 0.004% DPPH• methanol solution in a 10 mL test tube respectively. After 30 min incubation at room temperature, the absorbance was read against a contrast only containing all solvents at 517 nm. Inhibition of the free radical of DPPH in percent (I%) was calculated as follow:
where A blank is the absorbance of the control reaction (containing all of the reagents except the test compound) and A sample is the absorbance of the test samples. Exact concentration providing 50% inhibition (IC 50 ) was calculated from the graph plotted from the regression analysis as inhibition percentage against concentration of the medicinal materials. Gallic acid, ascorbic acid, and BHT were measured at the same procedure. Tests were carried out in triplicate. Results were expressed in milligram medicinal materials per milliliter (mg/mL).
•OH Scavenging Activity Assay
The scavenging ability of different extracts on hydroxide radical was measured in the CuSO 4 -Phen-Vc-H 2 O 2 chemiluminescence (CL) system. The CL of hydroxyl radical formation was monitored under the described method [14] using a BPCL Ultra-weak luminescence analyzer (Institute of Biophysics, Academia Sinica, China). The extracts were dispersed in 1% Tween 20 and standards were dissolved in redistilled water, those solutions were diluted to fit the 
where CL control is the relative luminescent intensity of the control group, CL 0 is the relative luminescent intensity of the background group, and CL sample is the relative luminescent intensity of the experimental group. Exact concentration providing 50% inhibition (IC 50 ) was calculated from the graph plotted as scavenging percentage against concentration of medicinal materials. Gallic acid was also measured at the same procedure. Tests were carried out in triplicate. IC 50 values were expressed in milligram medicinal materials per milliliter (mg/mL).
Scavenging Activity Assay
O The  scavenging activity of the selected herbs was determined by the nitrite reduction method [15] . The tested solutions were prepared in the •OH scavenging assay and diluted to fit the scavenging assay. The reaction mixture contained 0.6 mL 1 mmol/L hypoxanthine, 0.3 mL 220 μmol/L hydroxylammonium-chloride, 1mL buffer solution (pH 8.2, the solution containing 15.6 mmol/L Na 2 B 4 O 7 and 20.8 mmol/L KH 2 PO 4 ), and 40 μL 0.7 U/mL xanthine oxidase. The diluted solution of 1.0 mL was added to the reaction mixture and incubated for 30 min at 37˚C. Then 2.0 mL 1.73 mmol/L sulfanilic acid, which was dissolved in 1.36 mmol/L acetic acid, and 2.0mL of 19.29 μmol/L N-1-naphthylethylenediamine were injected to the solution and shook. After standing at room temperature in the dark for 20 min, the absorbance where A c is the absorbance of the control solution, A s is the absorbance of the test sample, and A b represents the absorbance of the blank, in which xanthine oxidase was replaced by the buffer. Exact concentration providing 50 % inhibition (IC 50 ) was calculated from the graph plotted from the regression analysis as inhibition percentage against the concentration. The results were expressed in milligram raw materials per milliliter (mg/mL). Gallic acid and ascorbic acid were measured at the same procedure. Experiments were carried out in triplicate.
Data Analysis
Data were processed using origin 6.1 software (Microcal Software, Inc., Northampton, MA, USA). The regression equations and correlation coefficients were fitted by the least-squares method. All experiments were repeated at least three times. The results were expressed as means ± SD. Standard differences were considered significant at P < 0.05.
Results and Discussions

Selection of Extraction Solvents
In order to select the best solvent for extraction of those medicinal materials, four different percentages of ethanol (10%, 3 %, 60% and 95% v/v) were used in the extraction of Folium artemistae argyi, Rhizoma rhodiolae crenulatae, and Cortex eucommiae respectively. The extraction solvent of 60% ethanol, indicated by the TPC values ( Table 2) , was found to give the highest extraction efficiency for the selected three herbs, while 95% ethanol had the lowest extraction efficiency. Consequently, 60% ethanol was chosen as the extraction solvent for the subsequent antioxidant assays. The average extraction efficiency of 60% ethanol was determined by multiple extraction experiments and was found in range from 95% to 97% after the first and the second extraction depending on the selected medicinal materials (Table 3) . Therefore, the selected medicinal materials were extracted twice using 60% ethanol under refluxing for further investigations respectively.
Total Phenolic Contents of 50 Medicinal Materials
There was a wide range of the total phenolic contents among the selected medicinal materials. As shown in Table 1, the TPC values, determined by the Folin-Ciocalteau method, varied from 2 to 185 mg GAE/g (average 39.9 mg GAE/g) depending on the biological origin of the plant. It is well known that plant polyphenols are widely distributed in the plant kingdom and sometimes in surprisingly high concentrations [16, 17] . According to the results, there are 7 medicinal materials with the lowest total phenolics concentration (<10 mg GAE/g), including Semen nelumbinis < Rhizoma atractylodis macrocephalae < Flos magnolia officinalis < Herba portulacae < Semen ginkgo < Folium mori < Radix dipsaci. Five herbs had total phenolics concentrations > 90 mg GAE/g: Rhizoma rhodiolae crenulatae > Herba cirsii japonici > Rhizoma sanguisorbae > Radix rubiae > Radix et rhizoma rhei. The highest total phenolics content (> 150 mg GAE/g) was found in Rhizoma rhodiolae crenulatae, the roots collected from Rhodiola crenulata (Hook. f. et. Thoms.) H. Ohba. According to the literature [11] , various phenolic compounds have different responses in TPC assay. The molar response of this method is roughly proportional to the number of phenolic hydroxyl groups in a given substrate, whereas the reducing capacity is enhanced when two phenolic hydroxyl groups are oriented ortho or para [18] . Since these structural features of phenolic compounds are also responsible for antioxidant activity, measurements of phenols in food or medicinal materials may be related to their antioxidant properties.
Antioxidant Capacity
FRAP of 50 Medicinal Materials
As shown in Table 1 , the total antioxidant capacities (FRAP) are different from each other between the selected 50 medicinal materials. The FRAP values varied from 2 to 134 (the mean was calculated as 25.6) mg GAE/g of the dried material weight. In FRAP assay, the (Figure 1 ). There are many methods to determine the total antioxidant capacity [19] . These in vitro and in vivo methods differ in terms of their assay principles and experimental conditions. Consequently, antioxidant components may individually have varying contributions to the total antioxidant capability in different methods. Because FRAP assay is quick and simple to perform, and the reaction is reproducible and linearly related to the molar concentration of the antioxidant(s) [20] , the FRAP assay was applied in the determination of the total antioxidant capacity of those herbs. This method was initially developed to assay plasma antioxidant capacity, and popularly used to measure the antioxidant capacity from a wide range of biological samples in recent years, including teas, vegetables, fruits, wines, plants, and animal tissues [21, 22] . In sharp contrast to the medicinal plants with high or very high FRAP values, the positive properties of the medicinal plants with very low FRAP are unlikely related to their antioxidant capacity. As a result, eight medicinal materials, namely Rhizoma rhodiolae crenulatae, Herba cirsii japonici, Rhizoma sanguisorbae, Radix et rhizoma rhei, Radix rubiae, Cortex moutan, Radix scutellartae, and Herba cirsii, have the highest FRAP values among those selected herbs.
DPPH Radical Scavenging Activity
DPPH assay was applied to test the ability of the antioxidative compounds as well as different plant extracts functioning as proton radical scavengers or hydrogen donors [23] . IC 50 values of DPPH radicals scavenging activity were in the range of 0.06 -5.50 mg/mL according to the results listed in Table 1 . A negative correlation was found between the TPCs and IC 50 values, indicating that the materials or the extracts at high TPC levels would have low IC 50 values but strong potency to scavenge DPPH radicals. Among 50 selected materials, 12 medicinal materials with lowest IC 50 values (<0.2 mg/mL) were Rhizoma rhodiolae crenulatae < Rhizoma sanguisorbae < Herba cirsii japonici < Radix rubiae < Radix et rhizoma rhei < Cortex moutan < Herba cirsii < Cacumen platycladi < Radix scutellartae < Thallus eckloniae < Rhizoma polygont cuspidati < Flos caryophylli. Gallic acid and BHT, determined with the IC 50 values of 15.3 μg/mL and 19.6 μg/mL respectively, were used as the positive control in DPPH assay. The correlation was investigated between the concentration and the antioxidant capacity at different concentrations of individual medicinal materials. The results indicated that the selected herbs have liner relation between the DPPH radicals scavenging percentages and the TPC concentrations. It could be concluded that the DPPH radicals scavenging nature of those materials might depend on their total phenolics tentatively. As a result, a parabola regressive model could be built from those data. In other words, the reciprocals of the TPCs values were linear to the IC 50 values (coefficient "r" = 0.9985, and two-tailed "P"-value <0.0001) (Figure 2 ).
•OH and
Scavenging Activities whereas was generated by the hypoxanthinexanthine oxidase system and detected by UV-Vis spectrophotometry. The results of the ROS scavenging capacities, in the form of IC 50 values of those herbs, were presented in Table 1 . The IC 50 values of •OH and
ied in the ranges of 0.017 -0.636 mg/mL and 0.050 -0.681 mg/mL respectively. In the superoxide anion radical assay, only Flos caryophylli did not exhibit correlation between the free radicals scavenging percentage and the concentration. Comparison of the ROS scavenging characteristics of those medicinal materials, Herba moslae has the highest potency to scavenge the hydroxyl radicals, whereas Semen ginkgo is the highest in the superoxide anion radical assay. According to the results, there was a weak linear relation between IC 50 values of the hydroxyl radical and the superoxide anion radical scavenging activities (coefficient "r" = 0.6442, and two-tailed "P"-value <0.0001). The individual extracts, which could scavenge the hydroxyl radicals, can not necessarily eliminate the superoxide anion radicals. As a result, traditional Chinese herbs have specific ROS scavenging properties respectively, which can be applied in the explanation of the rules of compatibility of medicines in the traditional Chinese medicine.
In the ROS scavenging experiments, there was no linear response between the total phenolic contents and the free radicals scavenging activities, other factors should be considered in the evaluation of the ROS scavenging capacities. There were several methods to screen the ROS scavengers, different methods could give varied results for the unstable characteristics of the ROS in chemical or biochemical systems. The total phenolics content in the extracts could be correlated linearly with the oxygen depletion, but not with the ROS scavenging effect by different methods using ESR spin trapping and electrochemical measurement [24] . Other scientists also have not found linear response between the total phenolics and the ROS scavenging capacities [8] . The difference between the sterical structures of antioxidants or the free radicals played a more important role in the abilities to scavenge different types of free radicals [25] , which could be applied in the explanation of the antioxidant variations between the DPPH•, •OH, and assays. It suggests that more-polar components presented in extracts have contributed towards the increased ROS scavenging activities. Although there was no direct evidence in this study, the antioxidant activities of 60% ethanol extracts could be related to the presence of phenolic compounds, peptides, saccharides, and other polar compounds because they contain hydroxyl moiety [26, 27] .
Comparison of Antioxidant Activities of 50
Medicinal Materials Influenced by several biofactors, such as the ROS and other free radicals occurrence, the redox status in human body, and the bioavailability of the phytochemicals, the traditional Chinese herbs would act as more complicated roles in the life processes than the chemical or biochemical systems in vitro. According to the classification of their medicinal usages in the traditional Chinese medicine, 18 of those herbs, including 11 stanchers, were traditionally used as the haematic. Those [28] , thus they are viewed as promising therapeutic drugs for the free radical related disorders or illnesses. There are more than 4000 naturally occurring flavonoids described in the literature [29] , including chalcones, flavonones, flavones, biflavonoids, dihydroflavonols, anthrocyanidins, and flavonols. Other polar natural products, such as proteins, saccharides, etc., also have the antioxidant capacities, but as a rule, phenolic compounds were applied in the evaluation of the correlation between the results of the antioxidant capacities and the botanic materials [26, 27] . Therefore, the antioxidant activities of plant original medicinal materials are dependent on the chemical type of antioxidant compounds, the polarity of the extracting solvent, and the test systems or the substrates to be protected.
• 2 O  Interestingly, many complex prescriptions can be assembled from the selected 50 herbs according to the traditional Chinese medicine. Among those prescriptions, the herbs from at least two types are discriminated as monarch, minister, assistant and guide by the roles of their actions in the diseases treatment. The composition of abundant substances in the complex prescription will provide more complicated and synergistic antioxidant effects in the human body than the individual herbs.
Conclusion
In conclusion, our results further support the point of view that some medicinal materials are promising sources of natural antioxidants. Among 50 selected traditional Chinese herbs, the total phenolic content and the antioxidant capacity differed significantly. There were significant linear correlations between the total phenolic concentration and the values of FRAP or DPPH radicals scavenging percentage. We also have found that three stanchers, namely Cacumen platycladi, Rhizoma Rhodiolae crenulatae, Rhizoma sanguisorbae, and one cathartic, that is Radix et rhizoma rhei, have significant ferric reducing power and free radicals scavenging activities. Those traditional Chinese medicines have been certified with low profile of side effects and toxicities for thousands of years. Several herbs, popularly used in the traditional Chinese medicine, have already been on schedule to be investigated for their phytochemistry and their medicinal applications.
